Barium enema shows that only short segment of colon was affected by disease (4) Gastrointestinal complications: Gastrointestinal bleeding after transplantation is a serious complication and is usually due either to peptic ulceration or to haemorrhagic gastritis. The incidence of bleeding is 5-10 %, and the incidence of other gastrointestinal complications, (e.g. cesophagitis, diverticulitus (Fig 5) , steatorrhcea) is approximately the same (Hadjiyannakis et al. 1971) . Ileocolonic ulceration has occurred at any time up to 18 months after transplantation (Powis et al. 1971) .
Some patients with chronic uremia may have a low gastric acid secretion although in our own studies there was no significant difference between control and urtemic patients (Gingell et al. 1968 ). Reversal of the uremic state by successful transplantation may improve the gastric acid output and so contribute to the development of peptic ulceration. Certainly some of our patients have shown a marked increase in acid output and this has correlated with either dyspepsia or overt bleeding. However, other patients who had normal acid secretion have developed symptoms and in these cases we have seen no significant differences between acid output before and after transplantation. It is likely that other factors in the genesis of peptic ulceration are equally important, such as the direct effect of steroids on the gastric mucosa and the undoubted stress that patients undergo in the course of management of their end-stage renal failure.
All potential transplant recipients should be questioned to exclude an ulcer history and, when indicated, both acid secretion and barium meal should be carried out. Prophylactic gastric surgery should be given serious consideration for those with high acid secretion or evidence of chronic ulceration. All of these gastrointestinal complications require prompt investigation and, provided that renal function is adequate, early surgery is recommended. However, the risks from sepsis and poor healing are particularly serious in this group of patients.
(5) A variety of other complications have been reported in association with transplantation: neoplasms (Penn et al. 1971) , spontaneous rupture of transplanted kidney (Salaman et al. 1969) , papillary necrosis (Edmondson et al. 1972) , and the occurrence of a lymphocele around the kidney (D Sampson 1973, personal communication The anaesthetic problems encountered in a hospital series of 134 cases of renal transplantation, using cadaver donors, in the period 1968-72 are reviewed. With three exceptions the recipients were undergoing regular himodialysis.
The physical changes of most importance to the aneesthetist were:
(1) Severe anaemia: This has multiple causes, the main one being that the kidneys are the source of an enzyme which acts on a plasma substrate to produce erythropoietin. Secondary factors are that at dialysis folic acid is lost, and that even Section ofAnaesthetics with care in returning the dialysate, some blood is lost each time.
It is not policy to transfuse patients on dialysis if this is avoidable, because transfusion is only temporarily effective in raising hemoglobin levels: an antibody response may be provoked and, despite screening of transfused blood for Australia antigen, there must be some danger of introducing serum hepatitis to the pool of patients awaiting transplantation.
The range of hemoglobin levels found in our patients was 3.8 to 10.0 g/100 ml, with a median level of -6.0 g/100 ml. Theoretically such levels should take these patients close to air hunger; fortunately in severe anemic states there is a compensatory rise in cardiac output, the viscosity of the blood is diminished giving freer tissue perfusion, and red cell levels of 2,3-diphosphoglycerate are raised, aiding the release of oxygen to the tissues (Torrance et al. 1970 ). Nevertheless, the diminished availability of oxygen is the most severe single problem in the operative and postoperative management.
(2) Metabolic acidosis of renal origin: Standard bicarbonate levels of 14-19 mEq/litre were constant findings. Sudden total correction of this acidosis with bicarbonate may lead to fits and, in the presence of hypocalcemia, tetany may be caused. Also, there is an unhelpful leftward shift of the hemoglobin dissociation curve. Acidosis prolongs the effects of competitive neuromuscular blockers and makes reversal more difficult.
At operation no attempt should be made to produce a compensatory respiratory alkalosis by hyperventilation, for the hemoglobin dissociation curve will again be shifted leftwards, and cerebral blood flow will be diminished in these already very anemic patients. The cardiac effects of hyperkalkmia and the production of myocardial irregularities escalate as Pco2 levels rise. Normocapnia should therefore be maintained throughout anesthesia.
(3) Hyperkalamia is usually present in dialysis patients. The serum value rises progressively as dialysis becomes due, and is then returned to normal. The serum potassium levels encountered on emergency admission for renal transplantation ranged from 3.0 to 7.2 mEq/litre, 16 patients having levels of 6.0 mEq or above. Patients with hyperkalkamia received 100 ml of 50% dextrose and 20 units of soluble insulin, and, if there was time before operation, sodium polystyrene sulphonate (Resonium-A).
Concern is felt that serum potassium levels may rise further during or after operation, particularly if suxamethonium forms part of the anasthetic technique, and cardiac arrest may be produced.
(4) Moderate hypermagnesamia is frequent in renal insufficiency, though this does not necessarily represent the intracellular state. Magnesium ions block neuromuscular transmission by reducing the liberation of acetyl choline ions. This blocking action is opposed by calcium ions.
It seems reasonable to suppose that hypermagneswmia may sometimes play a part when difficulty is experienced in reversing a competitive neuromuscular block in patients with inadequate renal function. Such an effect would be exacerbated by the hypocalcemia which is usually present. This point, however, needs clarification.
These physical changes must affect the choice of a method of anesthesia.
When a donor has been found, delays occur while permission is obtained, while tissue typing is carried out to find a suitable recipient, and while the organ is transported to an often distant centre. Most of these operations take place at night, when hospital and laboratory services are at their lowest ebb.
The recipient will have been called to the hospital for emergency admission, and will be emotionally tense. He may well have a full stomach. Necessary laboratory investigations include haemoglobin, blood urea and electrolytes.
It would be tempting to manage these patients with lumbar epidural analgesia, leaving the catheter in place for postoperative pain relief, but unconsciousness is highly desirable, the dangers of infection must be increased by the use of immunosuppressive drugs, and the duration of even long acting local analgesic agents is markedly shortened, most probably because of more rapid local drug clearance by the raised cardiac output.
Under general anasthesia the oxygen available is dependent not only on the hemoglobin level but also on the cardiac output. There is no room for a period of hypotension, a low output state, or an anoxic incident. The short-term gains in terms of available oxygen from transfusion of stored ACD blood are minimal (Valtis & Kennedy 1954) , and such blood is hyperkalkmic. It is not routine policy to transfuse blood at operation, the last 46 cases having received none, though some is given slowly to the more anxmic patients in the postoperative period. Two drugs are eschewed: methoxyflurane has a dose-related nephrotoxicity due to release of free fluorine ions as it is metabolized; and gallamine is so largely dependent on renal function for excretion that it can be eliminated only by subsequent dialysis.
The method of anesthesia which has been most frequently used in the western world has been a short-acting barbiturate for induction, nitrous oxide-oxygen-halothane for maintenance, and d-tubocurarine or pancuronium for relaxation.
This was the method used in the earlier cases in this series, the relaxant being reversed with adequate doses of atropine and neostigmine, but there was nevertheless a troublesome incidence of inadequate reversal. There are, in the case of d-tubocurarine, good reasons, apart from any consideration of acidosis or hypermagnesemia, why this should be so: normally the liver excretes only about 11 % of a dose of the drug, the rest being removed by renal clearance (Fleischli & Cohen 1966) . The degree of neuromuscular block can be related to plasma levels. In nephrectomized animals these are markedly increased for many hours after injection (Cohen et al. 1967) .
Reversal difficulties with competitive blockers lead to consideration of suxamethonium as an alternative relaxant. The problem here is that in normal patients a single dose produces a rise of serum potassium of the order of 0.5-0.7 mEq/l. and its use has been considered to be totally contraindicated in renal patients (Roth & Wuthrich 1969) , though this view has been challenged (Miller et al. 1972) .
Most anmsthetists, faced with a patient with a full stomach, would opt to facilitate intubation by using suxamethonium, and it is a small step from this to prolong the action of the initial dose with tetrahydroaminacrine (THA).
In this series relaxation was produced in 63 cases by suxamethonium prolonged by THA. In 9 patients a single dose of 100 mg or less of suxamethonium was used, in a further 24 cases two doses only, not exceeding 200 mg; the remainder received further increments, the highest total reached in one case being 400 mg. The initial dose of THA was 15 mg, and total dosage did not exceed 30 mg.
Blood samples for serum potassium determination were withdrawn through an external jugular venous catheter in 27 of these cases, and levels were determined before each injection of suxamethonium and at 2, 5 and 10 minutes afterwards. The electrocardiograph was monitored throughout in all cases. The greatest increase in serum potassium after an initial dose of suxamethonium was 0.7 mEq/l.; after subsequent injections, the increase did not exceed 0.5 mEq/1. and was generally lower; the largest total increase in serum potassium from the beginning to the end of an operation was 1.2 mEq/l. Where multiple doses of suxamethonium were given, the later ones were accompanied by 4 ml of 10% calcium chloride.
Cardiac arrest of about 10 seconds duration occurred in one patient about 2 minutes after a second injection of suxamethonium. The heart restarted immediately external massage was begun. Serum potassium at this time was 5.4 mEq/litre but serum sodium, at 120 mEq/litre, was the lowest in the series. Clearly this tech-nique is contraindicated if serum potassium is initially high. The patients were returned to the ward to be barrier nursed in single rooms, and oxygen was administered postoperatively for many hours by disposable mask. The absence of any residual paralysis once the last dose of suxamethonium had worn off in the operating theatre was striking, but great care must be taken whenever this technique is used.
